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By coupling a quantum detector, a superconductor-insulator-superconductor junction, to a
Josephson junction via a resonant circuit we probe the high frequency properties, namely the ac com-
plex admittance and the current fluctuations of the Josephson junction at the resonant frequencies.
The admittance components show frequency dependent singularities related to the superconducting
density of states while the noise exhibits a strong frequency dependence, consistent with theoretical
predictions. The circuit also allows to probe separately the emission and absorption noise in the
quantum regime of the superconducting resonant circuit at equilibrium. At low temperature the
resonant circuit exhibits only absorption noise related to zero point fluctuations, whereas at higher
temperature emission noise is also present.
PACS numbers: 73.23.-b, 05.40.Ca, 42.50.Lc,74.50.+r,84.40.Dc,85.25.-j
I. INTRODUCTION
Transport and current fluctuations measurements are
powerful tools to study mesoscopic conductors. Whereas
those quantities have been extensively studied at low fre-
quency in various systems1,2 investigation of the conduc-
tance and noise at high frequency is much more recent.
Measuring those quantities allows to probe the dynam-
ics and the fluctuations of a mesoscopic system in a fre-
quency range of the order of or higher than the inverse
internal timescales of the system or the applied voltage
and temperature characteristic energy scales. Indeed ac
complex conductance measurements on diffusive coher-
ent wires3 and rings4 bears signature of the dephasing
time. For a superconducting junction it reveals a reactive
quasiparticle singularity related to the superconducting
density of state5,6. On the other hand, the current fluc-
tuations in the quantum regime, where the frequency is
of the order of or higher than temperature or voltage
bias characteristic energy scale, acquire a frequency de-
pendence with signatures of the relevant energy scales
kBT and eV (with T the temperature and V the bias
voltage on the device) and has been found to increase
linearly with frequency above kBT/h
7,8. Similarly the
excess noise, i.e. the difference between the noise at a
given bias and the noise at equilibrium, measured in the
limit eV  kBT has been found to decrease linearly with
frequency and go to zero at frequency eV/h both in diffu-
sive wires9 and GaAs ballistic quantum point contacts10.
The ac conductance is the current response of the sys-
tem to an ac voltage excitation whereas current noise
corresponds to the current fluctuations associated to a
dc voltage applied on the system. Those two quantities
are related by the generalized37 fluctuation-dissipation
theorem11–13 in the quantum regime (hν >> kBT ). In
this regime noise can be described in terms of exchange of
photons of energy hν between the source and the noise
detector. Depending on whether photons are emitted
or absorbed by the source one measures emission noise
(corresponding to negative frequencies) and absorption
noise (corresponding to positive frequencies)14. The gen-
eralized fluctuation-dissipation theorem states that the
difference between the absorption noise and the emission
noise at a given frequency is proportional to the dissi-
pative part of the conductance at this frequency. Mea-
suring simultaneously on the same system the current
fluctuations, both in emission and in absorption, and the
complex ac conductance is thus of particular interest.
The difference between emission and absorption pro-
cesses is well known in the field of quantum optics but
difficult to observe in electronic devices since most classi-
cal amplifiers exchange energy with the device measured
and allow only the detection of a combination of emis-
sion and absorption noise15. On the other hand a quan-
tum detector14,16, such as a superconductor-insulator-
superconductor (SIS) tunnel junction17–19, allows to
measure the non-symmetrized noise, i.e. distinguish be-
tween emission and absorption.
In this work we demonstrate that by incorporating a
SIS quantum detector and the tested device, a Joseph-
son junction, in an on-chip superconducting resonant cir-
cuit it is possible to extract the complex admittance at
finite frequency of the source junction from the measure-
ment of the I(V ) characteristic of the detector. The real
and imaginary part of the complex admittance are mea-
sured at the resonant frequencies of the resonator and
exhibit frequency dependent singularities related to the
superconducting density of states. With the same setup
we access the excess emission noise spectral density of
quasiparticles tunneling through the Josephson junction.
It exhibits a strong frequency dependence as predicted
by theory. We also show that using the same circuit it
is possible to detect the emission and absorption noise
of the resonant circuit at equilibrium. In particular, at
the frequencies probed in the experiment (28.4 and 80.2
GHz, the resonant frequencies of the resonator), at low
temperature the resonator does not emit noise wheras it
shows absorption noise related to its zero point fluctu-
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2ations. Emission and absorption can be quantitatively
related to the real part of the high frequency impedance
of the resonant circuit. This latter quantity is calibrated
with the same setup using ac Josephson effect.
This detection scheme is ideally suited for measuring
high frequency properties of device which resistance are
much higher than the impedance of the resonant circuit.
Thus the device resistance will be typically in the range
of the resistance quantum. This condition ensures that
the properties of the resonator are not too much affected
by the presence of the system under test and the detector.
Due to the need to incorporate both the tested device and
the SIS detector in the resonant circuit, this technique is
best suited for nanoscale devices.
The paper is organized as follows. Section II is de-
voted to the description of the experimental setup and
its modelling. It allows to determine the parameters af-
fecting the resonant frequencies and quality factors of
the resonant circuit, the key ingredients of the detection
schemes. Section III is devoted to the measurement of
the complex quantum admittance of a Josephson junc-
tion at finite frequency. Section IV details the theoretical
principle of noise detection with an SIS junction at high
frequency while section V records the extraction of the
emission noise power of quasiparticles tunneling through
the Josephson junction. Finally, section VI shows a sepa-
rate measurement of the emission and absorption noise in
the quantum regime of the superconducting resonant cir-
cuit at equilibrium verifying the fluctuation-dissipation
theorem.
II. SAMPLE FABRICATION AND MODELLING
We aim at coupling a noise source to a quantum noise
detector at high frequency (GHz range) with the capa-
bility to bias them independently at low frequency. The
first approach chosen in previous works17,18 consisted in
a capacitive coupling. We choose in this work to use a
resonant coupling circuit to improve the source/detector
coupling and get more quantitative results. In this sec-
tion we present the sample and model it. It allows to
determine the effect of different parameters on the cou-
pling between the noise source and the detector.
A. Sample Fabrication
The device probed in this experiment consists of two
coupled coplanar transmission lines. Each transmission
line is connected to the ground plane via a DC squid,
constituted by two small Josephson junctions in parallel,
and consists of two sections of same length l but with
different width, thus different characteristic impedance
Za ≈ 110Ω and Zb ≈ 25Ω (Fig. 1). Due to the
impedance mismatch the transmission line acts as a quar-
ter wavelength resonator, with resonances at frequency
νn = nv/4l = nν1, where v is the propagation veloc-
ity and n an odd integer20. The two transmission lines
are fabricated close to one another to provide a good
coupling at the resonant frequencies and are terminated
by two on-chip Pt resistors (150 × 2 × 0.03µm3) in par-
allel. The value of each resistance is 2REnd = 826Ω.
The size of the Josephson junctions of the DC SQUIDs
is 240 × 150 nm2. The two DC SQUIDs have differ-
ent size loop (1 and 6 µm2) in order to tune separately
their critical currents with a magnetic flux. The small
size of the junctions and the small geometrical induc-
tance of the loop insure that the SQUID can be con-
sidered as a single junction with a tunable Josephson
energy21. The junctions and the resonator are fabricated
in aluminum (Al(30nm)/AlOx/Al(50nm), superconduct-
ing gap ∆ = 260µeV) on a high resistivity oxidized silicon
wafer. The system is thermally anchored to the cold fin-
ger of a dilution refrigerator of base temperature 20 mK
and measured through filtered lines with a standard low
frequency lock-in amplifier technique. In the following
we call one junction the detector junction and the other
the source. The detector has a normal state resistance
RN = 18.7kΩ and thus a maximum critical current of
IC = pi∆/(2eRN ) = 21.8nA
23,25. The source normal
state resistance is 19.5kΩ.
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FIG. 1: Sketch of the sample, which is constituted of two cou-
pled transmission lines. Each line is connected to the ground
via a DC SQUID constituted by two Josephson junctions in
parallel. One of the SQUID, with its critical current possibly
minimized by a magnetic flux, is considered as a SIS detector
(or detector junction) whereas the other SQUID is called the
source junction. The dimensions of the sample are a = 5µm,
b = 100µm, c = 5µm and l = 1mm. The two transmission
lines are terminated by two on-chip Pt resistors in parallel re-
sulting in REnd = 413Ω. The junctions are made by shadow
angle evaporation. The DC SQUIDs have different loop size
in order to tune separately their Josephson currents.
3B. Coupled transmission lines description
We now model the two coupled transmission lines in
order to introduce the impedance matrix describing the
coupling circuit between the source and the detector.
1. Model
L1,i dx
C2i .dx
Cc,i .dxMi .dx
C1i.dxRloss.dx
L2,i.dx
Rloss.dx
xx+dxx+2dx
FIG. 2: Model circuit used to extract the eigen frequencies
of the two coupled transmission line resonators (designed by
numbers 1 and 2) and estimate the quality factors. It consists
in two distributed LC circuits (distributed inductance L1,i,
L2,i and capacitance C1,i, C2,i) capacitively and inductively
coupled (distributed mutual inductance Mi and coupling ca-
pacitance Cc,i). The index i denotes which section of the
transmission line is considered i.e section a or b (see Fig.1).
They have different values of distributed inductance and ca-
pacitance leading to an impedance mismatch in x = l. The
values are fixed by the geometry and the choice of materials.
The sample is modeled as two distributed LC trans-
mission lines capacitively and inductively coupled via the
distributed coupling capacitance CC and the distributed
mutual inductance M as shown in Fig.2. Both transmis-
sion lines have an impedance mismatch at x = l. We call
V1(x) and V2(x) the voltages developing along the trans-
mission line 1 (top) and 2 (bottom) and i1(x) and i2(x)
the currents flowing into these same lines. The equa-
tions of propagation along the line 1 read at frequency
ν = ω/2pi: {
d2V1
dx2 = Γ
2
+V1 + Γ
2
−V2
dV1
dx = −jωL′i1 − jωMi2
(1)
with L′ = LRLoss/(RLoss + jωL), Γ2+ = jωL
′.jω(C +
CC) + jωM.jωCC , Γ
2
− = jωM.jω(C−CC)− jωL′.jωCC
and j2 = −1. RLoss is the value of the distributed resis-
tance of the transmission line, L the distributed induc-
tance and C the distributed capacitance. The equation
for line 2 can be deduced by exchanging 1 and 2 in the
previous expressions.
2. Eigen modes of the resonator
We now introduce the eigen modes of the resonator
which are even and odd modes defined respectively as
VE = (V1 + V2)/2, VO = (V1 − V2)/2, iE = (i1 + i2)/2
and iO = (i1 − i2)/2 . One can then read V1 = VE + VO
and V2 = VE − VO. The previous equations simplify to :

d2VE
dx2 = Γ
2
EVE ;
d2VO
dx2 = Γ
2
0VO
dVE
dx = −jω(L′ +M))iE ; dVOdx = −jω(L′ −M)iO
(2)
with Γ2E = jω(L
′+M) jωC and Γ2O = jω(L
′−M) jω(C+
2CC). From these relations we deduce that, neglecting
the loss in the resonator, for the even mode the effective
inductance is Leff,E = L + M and the effective capaci-
tance is Ceff,E = C. For the odd mode the inductance
is Leff,O = L − M and the capacitance is Ceff,E =
C + 2CC . For each section of the transmission line
we have numerically, using radio-frequency simulation
Sonnet software, computed the characteristic impedance
Z =
√
Leff/Ceff and the velocity v = 1/
√
LeffCeff of
the even and odd modes and extracted from them the
value of the parameters of the resonant circuit (table I).
The values of the velocity for even and odd modes are
very close to each other. It results the coupled lines must
be seen as a single resonator where the resonant frequen-
cies are only fixed by the impedance mismatch. With
those parameters it is possible to compute the impedance
of the resonant circuit.
Parameters La Lb Ma Mb
values 1.047µH/m 0.283µH/m 0.615µH/m 0.117µH/m
Parameters Ca Cb CC,a CC,b
values 43.7pF/m 182.5pF/m 61.1pF/m 125.8pF/m
TABLE I: Values of the distributed inductances and capaci-
tances of the resonator calculated from the geometry of the
system (Fig.2).
3. Impedance matrix
In the experiment, the junctions impedance can be
changed in-situ by a dc voltage bias. Other parameters
of the sample such as end resistances REnd, loss RLoss
in the transmission line or source/detector coupling are
fixed by the geometry and the choice of materials. The
circuit can then be modelled by a 2× 2 matrix which re-
lates currents iS and iD to voltages VS and VD appearing
at the source and detector stage. This matrix reads :
4(
VD
VS
)
=
Impedance matrix︷ ︸︸ ︷(
Zr Zt
Zt Zr
)
.
(
iD
iS
)
(3)
where Zr is the complex impedance of the transmission
lines resonator and Zt the transimpedance which quanti-
fies the coupling between the junctions. The experiment
allows to determine the real part of the impedance seen
by the detector Re[Z(ν)]. In the following, we describe
how this can be done and highlight the link of this quan-
tity with the elements of the matrix impedance.
YS
YD
IS
ID
iS
iD
VS
VD
Zt
Zr
Zr Source
Detector
FIG. 3: Circuit used to model the source (admittance YS)
and the detector (admittance YD) coupled by the resonator.
It corresponds to a two channels HF circuit on which are
connected the detector and the source junctions. This circuit
is characterized by an impedance matrix (see text).
C. Experimental extraction of Re[Z(ν)] and relation
with the matrix impedance
From now on and until the end of section III, the crit-
ical current of the detector junction is maximized (see
Table II). In this configuration, the I(V ) characteris-
tic of the detector (small SIS junction) depends on the
impedance of its electromagnetic environment22. We use
this to calibrate the impedance seen by the detector. In
the following paragraph the detector junction is voltage
biased at low voltage, it can then be considered as an ac
current source due to the ac Josephson effect. The source
junction is not biased.
1. Principle
As measured by Holst et al.20, in the particular case
of a Josephson junction coupled to a superconducting
transmission line resonator, current peaks in the I(V) of
the junction appear in the subgap region VD < 2∆/e
due to the excitation of the resonator modes by the ac
Josephson effect23,24. These resonances in current are
directly related to the resistive part of the impedance
Re[Z(ν)] seen by the detector as:
I(V ) =
I2C
2
Re[Z(2eV/h)]
V
= eI2C
Re[Z(ν)]
hν
(4)
with IC = pi∆/(2eRN ) the critical current of the junc-
tion, RN = 18.7kΩ the normal state resistance of the
junction23,25 and ν = 2eV/h, the Josephson frequency.
This relation is deduced from the effect of the electro-
magnetic environment on the tunneling of Cooper pairs
through the small Josephson junction22.
2. Measurement of Re[Z(ν)]
In figure 4, the I(V ) characteristic of the detector junc-
tion is shown in the subgap region for IC maximized with
magnetic flux (see Table II). Using Eq.4 the subgap res-
onances allow to extract the real part of the impedance
seen by the junction Re[Z(ν)]. It exhibits peaks at fre-
quencies ν1,2,3 = 28.4, 54.9 and 80.2GHz. With a length
l = 1mm the first resonance was expected at 30 GHz.
We attribute the difference with the measured resonant
frequency to the capacitance of the junction which shifts
the resonance. The relatively low value of the quality
factors Qn will be discussed in the next section. The
fact that we see resonances at frequencies νn = nv/4l,
with n not only an odd integer but also an even integer
is attributed to the rather small ratio Za/Zb < 10 of the
impedances of the transmission lines. The amplitude of
the peak at 28GHz is equal to 714Ω in agreement with
condition of validity of Eq.4 i.e. Re[Z] << 9400Ω38.
3. Relation between Re[Z(ν)] and Zr(ν) in the matrix
impedance
In this part we address the relation between the mea-
sured quantity Re[Z(ν)] and the impedance Zr(ν) of the
resonator entering in the matrix impedance (Eq.3). Ap-
proximating first the detector junction as a ac Josephson
current source of negligible admittance we find that the
presence of the impedance YS at the end of line is re-
sponsible for a renormalization of the impedance of the
resonator:
Zr,eff (ν, YS) = Zr(ν)− YS(ν, VS)Zt(ν)
2
1 + YS(ν, VS)Zr(ν)
. (5)
Moreover, the detector does not behave as a pure ac
Josephson current source and one also has to consider
its finite admittance YD. This leads to a measured Z(ν)
which reads (see figure 3):
Z(ν) =
Zr,eff (ν, YS)
1 + YD(ν)Zr,eff (ν, YS)
(6)
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FIG. 4: Lower curve (left axis): experimental I(V ) dc char-
acteristic of the detector junction in the subgap region with
IC maximized by adjusting the magnetic flux. Upper curve
(right axis) : the real part of the impedance seen by the de-
tector junction, extracted from the previous curve using Eq.
4, exhibits several resonances with quality factor ≈ 10.
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FIG. 5: Modeling of the ac currents and voltages through
and across the resonator in the Re[Z(ν)] measurement. The
measured impedance seen by the detector depends on two
parameters which are the admittance of the detector YD (RC
parallel circuit) and the effective impedance of the resonator
Zr,eff . This latter quantity does itself depend on Zr and the
source impedance YS via the transimpedance Zt (see text).
When computing Z for small real admittances YD(ν)
and YS(ν) (YD,S << 1/Zr, 1/Zt which is the case in the
experiment) one straightforwardly finds that Z ≈ Zr. On
the other hand when YS(ν) and YD(ν) are pure capaci-
tances YS(ν) = YD(ν) = jCJ2piν, Z exhibits resonances
shifted compared to the original Zr with identical ampli-
tudes and quality factors. In general, a precise analysis
of Z yields information on the impedance of the source.
This is exploited in section III.
D. Comparison with the experiment
We now propose to fit the experimental curve of
Re[Z(ν)] with the model previously described (Fig.6).
This is done in two ways.
First we fix REnd = 413Ω. The value of the detector
resistance and capacitance (Fig 5) is set to RJ = 10MΩ
and CJ = 7fF , their expected values. With these param-
eters, it is necessary to introduce losses along the trans-
mission line RLoss(ν1) ≈ 1.36MΩ/m, and RLoss(ν3) ≈
10, 15MΩ/m to reproduce the amplitude of the peaks.
At the same time the quality factors are approximately 2
times higher than in the experiment. These losses are un-
physical because aluminum and the low doping substrate
used in the experiment are not known for exhibiting such
a large amount of losses26.
Second we fit the experimental data by taking an ef-
fective R∗End without intrinsic losses. The fit repro-
duces the peak amplitude with R∗End = 59Ω near ν1 and
R∗End = 50.5Ω near ν3. The quality factor discrepancy
is still of a factor ≈ 2. This points out the difficulty
to take into account all the dissipation sources in our
model. The effective value of the end resistor is smaller
than expected (R∗End << REnd) due to dc polarization
lines capacitively coupled to the ground.
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FIG. 6: Black full lines : experimental Re[Z(ν)] seen by the
detector. Red dashed curves : calculated curves obtained
without dissipation, i.e. RLoss = ∞, and an effective R∗End
(R∗End = 59Ω near ν1 and R
∗
End = 50.5Ω near ν3 ). Blue
dotted curves : calculated curves obtained by considering
REnd = 413Ω with finite dissipation (RLoss = 1.36MΩ/m
near ν1 and RLoss = 10.15MΩ/m near ν3 ).
E. Conclusion
We have modelled the resonant coupling circuit and
compared our results to experimental data. It allowed
us to qualitatively understand the role of several sample
parameters on the efficiency of the coupling circuit. The
impedance at the end of the resonator is found to be a
critical parameter.
6III. HIGH FREQUENCY ADMITTANCE
MEASUREMENT WITH AN ON-CHIP
RESONANT CIRCUIT
A relevant quantity characterizing the quantum dy-
namics of mesoscopic systems is the high frequency ad-
mittance. However, whereas its measurement is of great
interest, only few experiments managed to measure this
quantity5,6,27 due to the difficulty to work at high fre-
quency. In this part, we show how, using the setup
described previously, one can measure the bias depen-
dence of the complex admittance of the source YS =
Re[YS ] + iIm[YS ] at the resonant frequencies of the res-
onator. In the following, Re[YS ] is called the quantum
conductance and Im[YS ] the quantum susceptance of the
source5,6,2739.
A. Principle of the experiment
We have derived in section II C the relation 6 between
the impedance seen by the detector and the admittance of
the source junction YS . By measuring the dependence of
Re[Z(ν)] vs the bias voltage VS of the source junction we
can determine YS(VS). Hereafter we will assume that the
measured impedance Z(ν) is identical to Zr(ν) shifted by
a quantity proportional to the geometrical capacitances
of the junctions (source and detector). The sensitivity of
the experiment is calculated by using equation 6 and by
assuming the resonant peaks of Z(ν) and Zt(ν) extracted
from the experiment can be approximated by a sum of
Lorentzian functions centered around resonant frequen-
cies of the resonator so that:
Z(ν) =
n∑
i=0
Zi
1 + jαi(ν − νi) (7)
Zt(ν) =
n∑
i=0
Zt,i
1 + jβi(ν − νi) (8)
with νi the i
th eigen frequency, Zi and Zt,i the amplitude
of the resonance and αi and βi fitting parameters corre-
sponding respectively to the width of the resonances of
Z(ν) and Zt(ν) at frequency νi.
We present in figure 7 some calculated curves of
Re[Z(ν)] for different values of the admittance YS around
ν1. As expected
28, an increase of Re[YS ] (Im(YS) is fixed
to its geometrical value jCJ2piν) reduces the amplitude
and the quality factor of the resonance without changing
the resonant frequency. This behaviour is roughly linear
with respect to a moderate increase of Re[YS ] and the in-
flection point of the Lorentzian peak, denoted by the hor-
izontal dashed arrow, is not affected by Re[YS ] changes.
On the other hand, when one computes the same curve
for a different imaginary part of the admittance of YS
(Re[YS ] is fixed to 0, ∆Im[YS ] > 0) the resonant fre-
quency is shifted at a lower frequency proportionally to
∆Im[YS ]. At the same time, both amplitudes and qual-
ity factors are nearly unchanged.
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FIG. 7: Calculated evolution of Re[Z(ν)] as a function of the
real Re[YS ] and imaginary Im[YS ] components of the source
junction impedance near ν1. The calculations are done by
using the best Lorentzian fits of the experimental curves of
Re[Z] and |Zt|. The specific point denoted by the horizontal
dashed arrow is not affected by Re[YS ] changes while it is
very sensitive to changes of Im[YS ]. Even far from resonance,
influence of Re[YS ] on quality factors is visible as shown by
the dashed vertical arrow.
B. Sensitivity of the detector to the high frequency
admittance of the source
From the previous subsection, we conclude that by
measuring the shape and position of the resonances we
can access the bias dependence of the real and imaginary
part of YS . This is exploited in the following using the
detector in the ac Josephson regime as a generator like
in section II C. In the experiment the quality factors are
low, the amplitude of the peaks are weak and the voltage
biasing is not perfect. To increase sensitivity we ac bias
the source and measure the resulting signal on the detec-
tor with a lock-in amplifier technique. In the following we
compare two different techniques we used to determine
Re and Im[YS ] as a function of VS by using the detec-
tor either in a voltage or a current bias mode. In both
cases we modulate the source voltage VS and measure by
lockin detection either the induced current modulation
∂ID/∂VS or voltage modulation ∂VD/∂VS on the detec-
tor (see Table II).
1. Voltage biased detector
We describe the sensitivity of the detector to a
variation of Re or Im[YS ] by 2 coefficients: S
i
Re
and SiIm respectively equal to ∂Re[Z]/∂Re[YS ] and
∂Re[Z]/∂Im[YS ]. The current response of the detector
to a low frequency modulation of VS is then:
∂ID
∂VS
=
∂ID
∂Re[Z]
[
SiRe
∂Re[YS ]
∂VS
+ SiIm
∂Im[YS ]
∂VS
]
(9)
7∂ID/∂Re[Z] can be calculated using Eq.4 and is equal to
eI2C/hν (see part II C) with ν the Josephson frequency
2eVD/h associated with the bias of the detector. The
quantities SiIm, S
i
Re can be numerically computed and
are plotted in fig.8 as a function of the frequency in the
vicinity of the fundamental mode of the resonator. As
expected SiRe is maximum at resonance whereas S
i
Im is
equal to zero. On the other hand SiIm is maximum at
the inflexion point of the resonance. Unfortunately the
stability of the detector is not excellent and it was not
possible to adjust precisely the detection frequency at
these optimum points. A better accuracy was obtained
on the detection of ∂Re[YS ]/∂VS when the detector was
polarized below the inflexion point of the resonance de-
noted by vertical dashed arrows (bottom of the peaks) in
figure 8 a. For this bias value of the detector, the contri-
bution of Im[YS ] is lower than the contribution of Re[YS ]
by a factor 0.56.
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FIG. 8: (a) Calculated sensitivity of Re[Z] to the real (SiRe)
and imaginary part (SiIm) of the admittance of the source YS
near ν1 for the voltage biased detection scheme. The sensi-
tivity to the imaginary part SiIm is either positive or negative
depending on which side of the resonance the measurement
is done. It is zero at the resonant frequency. Opposingly, the
sensitivity to the real part SiRe is maximum at the resonant
frequency. Far from resonance, the vertical dashed arrows de-
notes the chosen detector position where SiRe is greater than
SiIm. (b) Calculated sensitivity of Re[Z] to the real (S
v
Re) and
imaginary part (SvIm) of the admittance of the source YS near
ν1 for the current biased detection scheme. S
v
Im is almost
constant along the resonance peak whereas SvRe is zero at the
point denoted by the arrow. At this point the detector is thus
only sensitive to Im[YS ]. The same predictions can be done
near ν3.
2. Current biased detector
A better sensitivity for the determination of
∂Im[YS ]/∂VS is obtained by current instead of voltage
biasing the detector and measuring voltage. The current
value is adjusted on the side of the investigated reso-
nance peak (taking advantage of the hysteresis behavior
8of VD(ID)). The quantity measured is then the deriva-
tive of the dc voltage across the detector versus the bias
voltage of the source ∂VD/∂VS with a lock-in detector.
It is related to the admittance of the source as follows :
∂VD
∂VS
=
2e
h
[
SvRe
∂Re[YS ]
∂VS
+ SvIm
∂Im[YS ]
∂VS
]
(10)
Where the quantities SvRe = ∂ν/∂Re[YS ], and S
v
Im =
∂ν/∂Im[YS ] describe the voltage sensitivity of the detec-
tor (in frequency units) to a variation of Re and Im[YS ].
They are depicted in Fig.8b as a function of the current
bias on the detector.
From the analysis of these curves, we conclude that by
current biasing the detector at the inflection point of the
resonant peaks we measure a signal only proportional to
Im[YS ], the imaginary part of the source junction. This
position is denoted by the arrows in figure 8b.
C. High frequency admittance of the source
Josephson junction
In the following we show how one can deduce the full
bias dependence of the complex admittance of the source
junction6 at the eigen frequencies of the resonator. There
are two contributions to the measured signals. Beside
the contribution of the bias dependent admittance of the
source we have to consider the finite frequency shot noise
contribution which can be measured independently (see
section V) and thus removed from the data40. We finally
integrate the signal function with respect to VS and de-
duce Re and Im[YS ] using the coefficients S
i and Sv
calculated previously. The bias dependent quantum con-
ductance Re[YS(VS)] and susceptance Im[YS(VS)] of the
source Josephson junction are thus measured at the two
frequencies ν1 and ν3 depending on which peak the de-
tector is biased (see figure 9 b). It can be compared to
the theoretical expressions derived in27:
Re[YS(VS)] =
e
2hν
[IQP (VS + nhν/e)− IQP (VS − nhν/e)]
Im[YS(VS)] =
e
2hν
[IKK(VS + nhν/e) + IKK(VS − nhν/e)
− 2IKK(VS)] (11)
where IQP (VS) is the I(V) characteristic of the junction
close to the gap and IKK(VS) the Kramers-Kronig trans-
form of IQP (VS) , defined as :
IKK(VS) = P
∫ ∞
−∞
dV ′S
pi
IQP (V
′
S)− V ′S/Rn
V ′S − VS
. (12)
Rn is the normal state resistance of the junction and
P represents the Cauchy principal value.
We plot in figure 9b, the theoretical and experimental
curves obtained for the measured Josephson junction.
Concerning the quantum conductance Re[YS ], the re-
sult of the experiment is accurate concerning the posi-
tions of the predicted steps for both measurement fre-
quencies ν1 and ν3. On the other hand the experi-
mental data exhibit an additional dip in the interval
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FIG. 9: (a) Experimental dID/dVS curves obtained by voltage
biasing the detector at the bottom of the resonant peaks near
ν1 and ν3 and measuring the detector current modulation ver-
sus the voltage bias VS of the source (see text). The curves
are vertically shifted for the sake of clarity. (b) The solid
line curves are the experimental quantum conductance data,
near the quasiparticles branch, extracted from curves shown
in (a). It is obtained after removing the emission noise contri-
bution and numerical integration with respect to the source
bias voltage VS , taking into account the calculated sensitiv-
ity. The dashed lines correspond to the quantum conductance
predicted by theory.
[2∆/e−hν1/e, 2∆/e+hν1/e]. We attribute this difference
with theoretical prediction to a direct cross talk between
the source junction and the detector in VS = 2∆/e and to
a non-zero sensitivity to the imaginary part of the junc-
tion admittance. For frequency ν3, the detection is less
sensitive and the cross talk in VS = 2∆/e is not visible
anymore. The quantum conductance extracted is thus
more reliable in the interval [2∆/e−hν3/e, 2∆/e+hν3/e]
than for ν1. However, its experimental amplitude is ap-
proximately 2 times smaller than the expected one. We
attribute this difference to a lack of sensitivity of the de-
tector at this frequency.
We also obtained an experimental determination of the
quantum susceptance Im[YS ] (see Fig.10). A reasonable
agreement between theory and experiment is found, both
regarding the amplitude of the signal and the positions
9of the predicted singularities.
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FIG. 10: (a) Experimental dVD/dVS curves obtained by cur-
rent biasing the detector at the middle edge of the resonant
peaks ν1 and ν3 and measuring the detector voltage modula-
tion versus the voltage bias of the source. The curves are ver-
tically shifted for the sake of clarity. (b) Experimental (solid
lines) quantum susceptance, near the quasiparticles branch,
obtained after removing the emission noise contribution and
integrating numerically the data with respect to the source
bias voltage VS , taking into account the calculated sensitiv-
ity. The dashed lines correspond to the theory.
D. Conclusion
We have presented a semi-quantitative way to measure
the high frequency admittance of a high impedance nan-
odevice, the Josephson junction. The obtained results,
even though they reasonably agree with theoretical pre-
dictions, are not as precise as previous measurements re-
ported in references5,6. However we can use the same
setup to measure the out-of-equilibrium quantum noise
of the source under interest. This is what is discussed in
the following part.
IV. SIS JUNCTION AS A HIGH FREQUENCY
NOISE DETECTOR
To measure nonsymmetrized noise, i.e., distinguish be-
tween emission and absorption, one can use a quantum
detector14,16. Different realizations of such a detection
scheme have been implemented by using, e.g., quantum
bits29, quantum dots30,31, a superconducting resonator32
or a superconductor-insulator-superconductor (SIS) tun-
nel junction17–19. Here we develop the case of the SIS
junction which will be used as a quantum detector of
noise able to distinguish the emission and absorption
parts of the noise when looking at inelastic tunneling of
quasiparticles. We emphasize this point explaining the
principle of detection. From now on, the critical current
of the detector is minimized and we are only considering
its quasiparticles current (see Table II).
A. Photo-assisted quasiparticles tunnelling current
as a probe of voltage noise
The dependence of quasiparticles tunneling in SIS
junction versus irradiation with microwave photons has
been widely used for making mixers27. More recently SIS
junctions have been used as quantum detectors of noise
in mesoscopic physics17,18. The way in which the I(V )
characteristic of such a detector is modified is understood
in terms of photo-assisted tunneling (PAT) current. This
current adds to the elastic current in presence of voltage
fluctuations accross the junction. In such a configuration
the total quasiparticles current which flows through the
detector can be written as22:
IQP (VD) =
∫ +∞
−∞
dE′
1− e−βeVD
1− e−βE′ P (eVD−E
′)IQP,0(
E′
e
)
(13)
with P (E) the probability to exchange the energy
E with the environment during a tunneling process,
IQP,0(VD) the IV characteristic of the junction without
environment and β = 1/kBT . Note than this treatment
only holds for small capacitance and high normal state
resistance of the junctions.
In the limit of small noise power, the relation be-
tween the probability P (E) and the voltage fluctua-
tions SV (ν) of the environment can be expressed, at low
temperature16, as:
P (E) =
[
1− e
2
h2
∫ +∞
−∞
dν
SV (ν)
ν2
]
δ(E) +
e2
h
SV (E/h)
E2
.
(14)
From expressions 14 we obtain the PAT current
through the detector as a function of its bias voltage
VD and the non-symmetrized spectral density of volt-
age noise SV (ν) across the detector junction
16,22 which
reads, in the limit kBT  eVD and small voltage noise
10
SV (ν) :
IPAT (VD) = IQP (VD)− IQP,0(VD)
=
∫ ∞
0
dν
( e
hν
)2
SV (−ν)IQP,0(VD + hν
e
)
+
∫ eVD/h
0
dν
( e
hν
)2
SV (ν)IQP,0(VD − hν
e
)
−
∫ +∞
−∞
dν
( e
hν
)2
SV (ν)IQP,0(VD) (15)
with IQP,0(VD) the I(V ) characteristic of the detector
without electromagnetic environment. The first term of
Eq.15 is related to the emission noise, the second to the
absorption noise and the third corresponds to the elastic
current.
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FIG. 11: Solid black curve: Current voltage characteristic of a
typical SIS junction. Dashed green curve : calculated IV char-
acteristic of the detector under external high frequency irra-
diation giving rise to photo-assisted tunnelling current IPAT .
Below the gap, the detector is emission sensitive. Above the
gap, the detector is mainly absorption sensitive. The ampli-
tude of the PAT current is arbitrarily increased for the pur-
pose of clarity. Schematic drawings correspond to semicon-
ducting representations of the SIS junction when it is voltage
biased below or above the gap. Below the gap a photon emit-
ted by the environment allows the tunneling of a quasiparticle
from one superconductor to the other (positive PAT current).
Above the gap a photon absorbed by the environment de-
creases the overall tunneling rate of quasiparticles from one
superconductor to the other (negative PAT current).
B. Emission noise sensitive region
When |VD| < 2∆/e, due to the superconducting den-
sity of states, IQP,0(VD) = 0. Expression 15 shows that
only emission noise is detected for frequencies higher than
(2∆ − eVD)/h. This region is emission noise sensitive
(see Fig.11). The PAT current through the junction is
positive due to the energy coming from the environment
(emitted noise) which increases the net current flowing
through the detector.
C. Absorption noise sensitive region
From formula 15, we deduce that for |VD| > 2∆/e the
detector is mainly sensitive to absorption noise. This re-
gion is absorption noise sensitive (see Fig.11). The PAT
current which adds to the large positive dc current is
negative. The energy lost in the environment (absorbed
noise) reduces the net current flowing through the detec-
tor.
V. OUT-OF-EQUILIBRIUM NOISE
MEASUREMENT WITH AN ON-CHIP
RESONANT CIRCUIT
The design of the experiment allows to couple a noise
source to the detector via the resonant circuit. For the
sample discussed in this work, we couple a Josephson
junction (see section II) and measure its noise power of
quasiparticles tunneling in the quantum regime (hν >>
kBT ). The interest in coupling a Josephson junction
is twofold. First, it presents a strongly nonlinear I(V)
characteristic responsible for a strong non linearity in
the noise spectrum together with a strong difference be-
tween emission and absorption processes. Second, one
can use its ac Josephson effect for calibration. In the
following, we first calibrate the source/detector coupling
and then measure the quasiparticles emission shot noise
of the source Josephson junction.
A. Calibration of the source/detector coupling |Zt|2
i.e. the transimpedance
When the source junction is biased it emits noise,
which couples to the detector via the resonant circuit.
Consequently the coupling is efficient only close to the
resonant frequencies of the resonator. In this part, we
extract the coupling between source and detector i.e.
the transimpedance Zt(ν). If the detector is voltage bi-
ased below the gap, it is essentially sensitive to voltage
emission noise SV (−ν). In this case, part of the current
fluctuations of the source junction go through the cou-
pling circuit. This leads to voltage fluctuations across
the detector proportional to the transimpedance Zt(ν).
This quantity is the ratio between voltage fluctuations
across the detector and current fluctuations emitted by
the source SV (ν) = |Zt(ν)|2SI(ν). To probe |Zt(ν)|2 the
detector is voltage biased in the subgap region to be sen-
sitive only to emission and we use the ac Josephson effect
of the source junction for calibration (see Table II). On
figure 12 the PAT current through the detector versus the
source bias voltage VS is shown at two detector voltages
VD1 = 450µV and VD2 = 300µV. Those positions allow
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to select frequencies of interest as will see in subsection
V B. In this regime where the detector is irradiated by
the Josephson effect at frequency ν = 2eVS/h the PAT
current theoretically reads33 :
IPAT (VD) =
1
4
e2|Zt(ν)|2I2C
(hν)2
IQP (VD + hν/e) (16)
with IC the critical current of the source junction and
IQP (VD) the IV characteristic of the detector. Using
this formula we can extract from the PAT current mea-
sured at VD1 the value of the coupling |Zt(ν)|2 (inset of
fig. 12). It exhibits resonances at the same frequencies
as the resonator. This detection scheme is characterized
by a strong coupling proportional to the quality factor of
the resonances of |Zt(ν)|2, for a finite value of frequen-
cies. This contrasts with previous experiments using a ca-
pacitive coupling between source and detector17,18 which
leads to a relatively small coupling over a wide range of
frequencies.
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FIG. 12: For calibration, we measure at different bias volt-
age VD the PAT current through the detector versus the
source junction bias VS , when the source is in the regime
of ac Josephson effect. The curves are shifted vertically for
clarity. VD selects the noise frequencies ν of interest : the
upper curve is taken at VD1 = 450µV, corresponding to
ν ≥ (2∆ − eVD1)/h = 17GHz whereas the lower curve, at
VD2 = 300µV, corresponds to ν ≥ 53GHz. Inset : Frequency
dependence of the coupling |Zt(ν)|2 deduced from the curve
taken at VD1.
In previous section II we have emphasized the dif-
ference between the impedance seen by the detector Z
and the intrinsic impedance of the resonator Zr in the
matrix impedance. We now compare Zt,m, the tran-
simpedance experimentally measured and Zt the intrinsic
transimpedance in the matrix impedance. With the same
type of calculations one has:
Zt,m =
Zt
1 + Zr.[YS + YD] + YS .YD.[Z2r − Z2t ]
. (17)
Equation 17 describes the evolution of the tran-
simpedance as a function of YS , YD and Zr. In the
case where admittances YS and YD are small (YS , YD <<
1/Zr, 1/Zt), we find that the measured transimpedance is
exactly the transimpedance of the impedance matrix. In-
deed, in this case the resonator is only slightly perturbed
so that no difference can be seen between these two quan-
tities. In the other limit where YS and YD are large com-
pared to 1/Zr and 1/Zt, the effective transimpedance
vanishes because the resonator is short circuited by the
source impedance or the detector. We finally conclude
that differences between the amplitude of the effective
transimpedance measured and the transimpedance of the
resonator alone are small in the case of relatively high
impedance nanodevices. However, as already mentioned,
junctions also have capacitances which shift resonances
to lowest frequencies. This resonance shift constitutes
the main difference between Zt,m and Zt.
B. Out-of-equilibrium emission shot noise
measurement
We have seen in section V A that we are able to cali-
brate the coupling between the source and the detector.
In this section we use it to quantitatively measure the
emission noise associated with the tunneling of quasipar-
ticles when the source junction is biased on the quasi-
particles branch (eVS ≥ 2∆). To do so, we apply a dc
voltage bias to the detector in the emission noise sensitive
region (eVD ≤ 2∆) while sweeping the dc voltage source
close to its quasiparticle branch (see Table II). In addi-
tion of this dc is applied a small ac voltage (≈ 3µV at
13.33 Hz) and the modulated current through the detec-
tor is measured with a lock-in amplifier technique. The
measured quantity is the derivative of the photoassisted
current with respect to the source bias ∂IPAT /∂VS . Such
a detection scheme is not sensitive to other noise contri-
butions beside the source and increases the sensitivity of
the measurement.
The PAT current is obtained by a numerical integra-
tion of the signal. It is shown on figure 13 for two val-
ues of detector bias VD1 and VD2. We use eq. 20, with
SV (ν) = |Zt(ν)|2SIQP (ν, VS) and δνn the width of the
resonances of |Zt(ν)|2 in order to extract quantitatively
the noise spectrum from data in fig.13. When the detec-
tor is biased at VD < 2∆/e, only the frequencies higher
than (2∆− eVD)/h have to be considered. Consequently
for VD = VD1 the detector is mainly sensitive to the noise
at frequencies ν1 and ν3, whereas for VD = VD2 only the
noise at frequency ν3 is detected. The noise at ν1 is ex-
tracted from the curve IPAT (VD1)−αIPAT (VD2) with α
(> 1) a constant taking into account differences in sen-
sitivity at frequency ν3 for the two detector positions.
α is the ratio of the area of the peaks around ν = ν3 at
VD = VD2 and VD = VD1 (see fig.12). One finally obtains
the spectral density of quasiparticles noise in emission at
ν1 = 28.4GHz and ν3 = 80.2GHz (Fig. 13). We compare
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FIG. 13: (a) PAT current through the detector versus the
source junction bias VS , when the source is biased on the
quasiparticle branch. The two curves are taken at VD1 and
VD2. The I(V ) characteristic of the source junction is super-
imposed on the graph. (b) Extracted noise power in emission
at ν1 = 28.4GHz and at ν3 = 80.2GHz. For comparison the
expected noise power is plotted (dashed curve) together with
the noise average over the bandwidth δνn of detection (dot-
ted line). The agreement of this latter quantity is within 5%
with the extracted noise power. The expected zero frequency
emission noise power is plotted in dashed-dotted line.
these results to the theoretical prediction18,34,35:
SIQP (ν, VS) = e
[
IQP (hν/e+ VS)
1− e−β(hν+eVS) +
IQP (hν/e− VS)
1− e−β(hν−eVS)
]
(18)
with β = 1/kBT and to the noise integrated over the
detection bandwidth δνn. The agreement is within 5%
in amplitude with this last quantity and the frequency
dependence is well reproduced. To our knowledge this
is the first direct quantitative measurement in the quan-
tum regime hν >> kBT of the noise associated with the
quasiparticles tunneling.
The sensitivity of our detection scheme is essen-
tially limited by noise of the room temperature am-
plifiers which leads to a lowest measurable current of
20fA/
√
Hz. This gives a minimum measurable cur-
rent noise, with this setup, of 2fA2/Hz at 28GHz and
8fA2/Hz at 80GHz. If we convert this result in terms
of noise temperature TN accross a 20kΩ resistor, we get
respectively TN (28GHz) = 1.5mK and TN (80GHz) =
5.8mK. We stress here that this detection scheme only
works for high impedance nanodevices.
C. Out-of-equilibrium absorption noise
measurement
The detection principle of the absorption noise is the
same as in the previous section with the detector junc-
tion biased on the quasiparticles branch. However, in this
configuration, the direct extraction of the noise spectra is
very delicate due to the simultaneous contribution of the
absorption noise of the source and the resonator which is
itself influenced by the impedance of the source18. As a
result, the measured signal consists in a non trivial com-
bination of the absorption noise of the resonator and the
source which prevents for a reasonable extraction of the
out-of-equilibrium absorption noise and as a consequence
the verification of the generalized fluctuation-dissipation
theorem.
VI. EQUILIBRIUM NOISE MEASUREMENT
WITH AN ON-CHIP RESONANT CIRCUIT
In this section we show how using the setup described
previously, one can measure the high frequency quan-
tum noise of the resonator at equilibrium. This is done
by measuring the dc I(V ) characteristic of the detector
which is modified by the presence of the noisy resonator.
A. Theoretical expectation for the noise of the
resonator
According to the Quantum Fluctuation-Dissipation
Theorem (QFDT), the voltage fluctuations of a resistive
circuit at equilibrium of impedance Z(ν) reads11,14:
SV (ν, T ) =
2Re[Z(ν)]hν
1− exp (−hν/kBT ) (19)
This formula describes the crossover between thermal
noise at low frequency and quantum noise related to the
zero point fluctuations of the electromagnetic field at fre-
quency higher than kBT .
In the specific case of the resonator, the resonances
seen in Re[Z(ν)] at νn give rise to noise peaks at fre-
quencies +νn (absorption, with νn > 0) and −νn (emis-
sion). At low temperature only peaks in absorption are
predicted whereas when the temperature increases peaks
in emission should appear (see Fig.14).
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FIG. 14: Expected frequency dependence of the equilibrium
voltage noise of a resistor R = 300Ω at three different tem-
peratures (formula 19). At ν = 0, the prediction follows
the Johnson-Nyquist formula for a non symmetrized ther-
mal noise. At T = 0, there is no emission noise whereas the
absorption noise increases linearly with the frequency. This
noise at T = 0 is related to the zero point fluctuations of the
voltage bias accross the resistor at equilibrium
B. Measurement of dID/dVD as a probe of voltage
noise SV
We have seen in sections II and III that the subgap
I(V ) characteristic of the detector related to tunneling
of Cooper pairs (low bias in the ac Josephson effect
range) is modified by the resonant environment. Here-
after we demonstrate that the resonant circuit coupled
to the detector junction also has an effect on the quasi-
particles branch. We measure the dI/dV rather than
I(V ) characteristic of the detector junction (Fig. 15a)
to increase the sensitivity of the experiment (see Table
II). At low temperature, on top of the expected dI/dV
curve of the detector, we see peaks (denoted by arrows
on figure 15) at bias voltages eVD = 2∆ + hνn with νn
the resonant frequency of the circuit coupled to the de-
tector. These peaks are not detected for bias voltage
below 2∆. This is not true at higher temperature where
a peak at eVD = 2∆− hν1 appears and grows with tem-
perature between 20mK and 1K. The position in VD of
the peaks changes due to the temperature dependence of
the superconducting gap. Higher temperature were not
considered due to the strong temperature dependence of
the SIS detector for T > 1K. These peaks in the dI/dV
characteristics of the detector are attributed to its sensi-
tivity to the voltage fluctuations of the resonant circuit.
Hereafter, we treat the data to extract emission and ab-
sorption noise power at the resonant frequencies of the
on-chip circuit.
C. Extraction of the equilibrium noise of the
resonator
The noise extraction is based on Eq.15. For VD <
2∆/e only the first term in Eq.15 is non-zero. For an
emission noise peaked at frequencies −νn, approximating
the integral by a sum yields :
IPAT (VD) =
∑
n
(
e
hνn
)2
SV (−νn)δνnIQP,0(VD + hνn
e
)
(20)
with δνn = 1.06νn/Qn related to the width of the reso-
nance at frequency νn, which can be extracted from Fig.
4 (δνn multiplied by the amplitude of the resonance peak
is equal to the area of the peak). On the other hand for
VD > 2∆/e, only the absorption term in Eq.15 leads to
peaks in dI/dV at VD = (2∆ + hνn)/e :
IPAT (VD) =
∑
n
(
e
hνn
)2
SV (νn)δνnIQP,0(VD − hνn
e
)
(21)
From these relations we extract quantitatively the
emission and absorption voltage fluctuations of the res-
onant circuit at ν1 = 28.4 GHz for T between 20mK
and 1K (Fig.15b). To do so we integrate the corre-
sponding peak in dI/dVD, at VD = (2∆ − hν1)/e for
emission and VD = (2∆ + hν1)/e for absorption, to ob-
tain the value of IPAT . An important point concerning
the absorption noise extraction is to substract carefully
the baseline due to elastic quasiparticles tunneling in the
dI/dVD curves. This is the main reason why error bars
are larger for absorption than for emission. δν1 = 6.66
GHz is extracted from fig.4 and the current IQP,0(V )
is measured from the I(V ) characteristic of the detec-
tor at temperature T . The same treatment can be done
for the absorption noise at ν3 = 80.2Ghz and leads to
SV (ν3) = 0.062± 0.008nV2/Hz between 20 and 700 mK,
consistent with the expected value of 0.064nV2/Hz. The
emission noise has not been measured at ν3 because the
expected signal is too small at these temperatures com-
pared to the noise of the experimental setup. In addi-
tion, to look at the expected peaks it is necessary to bias
the detector at smaller voltages where the ac Joseph-
son peaks are not completely suppressed by magnetic
flux. The temperature dependence of voltage fluctuations
agrees quantitatively with theoretical predictions (Eq.19)
using the calibration of Re[Z(ν)] described in section II.
Indeed, deep in the quantum regime, when hν1  kBT ,
the voltage fluctuations at equilibrium of the circuit do
not exhibit any emission noise whereas as a result of the
zero point fluctuations of the electromagnetic field the
circuit still shows absorption noise. In the intermediate
regime, when hν1 ≥ kBT we see the crossover to thermal
noise.
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FIG. 15: (a) Differential conductance dI/dVD of the de-
tector junction at different temperatures with IC minimized
by adjusting the magnetic flux. The curves are shifted ver-
tically for clarity. The peaks corresponding to the detection
of emission or absorption noise are denoted by arrows. (b)
Dependence versus temperature of the power of voltage noise
at ν1 = 28.4GHz and ν3 = 80GHz in emission and in absorp-
tion. The solid lines correspond to the theoretical predictions
(Eq.19) with Re[Z(ν1)] = 714Ω and Re[Z(ν3)] = 604Ω. Only
absorption noise, consistent with zero point fluctuations, is
detected below 0.4 K.
VII. CONCLUSION
In this paper we have shown that by coupling a quan-
tum detector, a SIS junction, to a noise source through
a resonant circuit it is possible to measure the equilib-
rium noise of the resonant coupling circuit, the out-of-
equilibrium noise of a Josephson junction and the finite
frequency admittance of the same Josephson junction.
The equilibrium noise of the resonator exhibits a strong
asymmetry between emission and absorption related to
zero point fluctuations. The out-of-equilibrium emission
noise of quasiparticles tunneling of the Josephson junc-
tion shows a strong frequency dependence in agreement
with theoretical predictions and finally the quantum ad-
mittance components highlight frequency dependent sin-
gularities. Finally, the technique described above can be
used to probe the dynamics of other relatively resistive
correlated mesoscopic systems at high frequency. This
was recently achieved for the noise measurement of a car-
bon nanotube quantum dot in the Kondo regime36.
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